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Pupil  Dilation  as  an  Index  of  Workload 

Dr.  Jackson  Beatty 
Univanity  of  California 


I  would  like  to  describe  some  work  that  has  been  going  on  in  our 
laboratory  and  In  some  other  laboratories  for  a  nimber  of  years,  the 
work  In  our  own  laboratory  has  been  sponsored  by  the  Advanced  Research 
Projects  Agency  of  the  Department  of  Defense  and  by  the  Office  of  Naval 
Research . 

This  work  has  addressed  the  problem  of  measuring  the  central 
processing  component  of  workload  In  the  terms  Introduced  this  morning 
by  Dr.  Wlckens.  We  are  very  comfortable  with  his  distinction 
between  the  cognitive  and  other  types  of  capacity.  We  have  sought  to 
measure  cognitive  workload  physiologically  In  a  variety  of  tasks.  Our 
approach  differs  from  that  described  by  other  speakers  In  two  respects. 
One  Is  that  ws  are  concerned  with  the  direct  response  of  the  nervous 
system  to  Increases  or  decreases  In  processing  load  rather  than 
responses  measured  to  probes  that  are  extraneous  to  the  ongoing  task. 
The  second  dlference  Is  that  we  are  concerned  with  cortlcal-subcortlal 
relationships.  What  ws  are  really  interested  In  Is  not  so  much  the 
activity  of  the  cortex,  which  you  have  heard  a  great  deal  about  today, 
but  rather  the  activity  of  the  brain  stem,  which  supports  cortical 
Information  processing. 

The  brain  stem  lies  beneath  the  cerebral  cortex.  It  Is 
essentially  the  upper  projection  of  the  spinal  cord  that  becomes 
Increasingly  more  complex  and  differentiated  at  its  higher  levels. 

Now  during  human  Information  processing,  the  cortex  Is  put  under 
processing  load  by  cognitive  tasks.  The  cortex  then  sends  requests 
down  to  the  brain  stem  seeking  additional  activation  to  support  the 
Increased  processing  load.  Running  through  the  center  of  the  brain 
stem  la  a  massive  structure  called  the  reticular  formation.  The 
response  of  the  reticular  formation  to  demands  for  Increasing  load  Is 
a  forward  surge  of  —  well,  let  us  just  call  It  activation,  and  pass 
by  Its  Intricacies  for  the  aoment. 

Now,  if  ws  think  that  Is  what  goes  on  during  cognitive  processing, 
and  If  ws  think  that  the  activity  of  that  brain  stem  activating  system 
Is  Intimately  related  to  processing  load,  ws  are  faced  with  the 
problem  of  how  we  are  going  to  measure  activity  In  such  an 
Inaccessible  region  of  the  brain.  The  answer  to  that  question  Is  to 


exploit  anatomical  coincidence.  The  brain  stem  also  contains  a  aet  of 
Intricate  pathways  that  control  some  of  the  autonomic  reflexes, 
particularly  the  movements  of  the  pupil  of  the  aye. 


Because  this  brain  stem  region  is  relatively  undifferentiated,  it 
appears  to  be  possible  to  measure  changes  In  brain  stem  reticular 
formation  activity  in  response  to  central  or  cortical  demands  by 
looking  at* very  small  changes  In  the  dynamics  of  pupillary  movement, 
which  are  regulated  at  the  same  level  of  the  brain.  It  Is  a 
convoluted  way  of  approaching  this  problem,  but  one  that  we  think  has 
some  Interesting  features. 


The  pupil  of  the  eye  is  the  hole  In  the  center  surrounded  by  the 
muscular  iris.  There  are  two  sorts  of  fibers  in  the  iris.  One  group 
is  dilator  fibers,  which  are  sympathetically  Innervated.  When  they 
are  actlviated,  they  act  to  open  up  the  pupil.  The  other  set  is 
sphincter  muscles.  They  are  parasympathetlcally  Innervated,  and  when 
they  are  activated,  they  aet  to  close  the  pupil  down. 


Now  brain  stem  activation  has  been  shown  to  affect  pupillary 
movements.  In  experiments  with  animals,  artificial  electrial 
stimulation  of  the  reticular  formation  produces  cortical  signs  of 
activation. 
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The  pupillary  effects  of  reticular  formation  are  far  easier  to  icatlon 

observe.  In  the  parasympathetic  pathway  to  the  sphincter,  reticular  _ r"' 

stimulation  produced  inhibition.  In  the  sympathetic  pathway  to  the  ^ 
dilator  muscles,  reticular  stimulation  greatly  increases  activation.  - 

All  this  anatomical  detail  is  Intended  to  do  is  to  make  plausible  the  girl  hut  Ion/ _ 

long-known  fact  that  stimulation  of  the  brain  stem  reticular  wai?  ability  r 

activating  system  results  in  pupillary  dilation.  This  is  how  it  does 

it.  It  is  not  Just  happenstance.  A.at  *  k., or 
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With  that  as  a  background,  then,  we  are  going  to  attempt  to 
exploit  anatomical  fact  to  look  at  the  brain  stem's  responses  to 
changes  in  processing  load.  To  do  this  in  our  laboratory  we  use  a 
Whitaker  Puplllometer.  The  Whittaker  Pupillometer  is  essentially  a 
signal  processing  unit  that  looks  at  the  image  of  the  eye  obtained  by 
a  high-resolution  Infrared  video  camera  and  extracts  a  measure  of 
pupillary  diameter.  I  am  not  going  to  go  into  how  all  that  works, 
except  to  say  that  it  is  a  remarkably  reliable  and  sensitive 
Instrument,  and  it  exists  in  a  couple  of  other  forms  besides  the 
laboratory  version.  For  example,  there  is  a  more  complex  model  that 
allows  accurate  pupillary  measurements  to  be  made  over  a  range  of  some 
degree  of  head  movement,  by  using  another  camera  to  track  the  head. 


What  is  the  evidence  that  these  sorts  of  pupillary  movements  might 
tell  us  anything  at  all  about  the  physiological  basis  of  workload 
assessment?  The  answer  comes  from  a  long  series  of  behavioral 
studies.  This  first  study  that  I  am  going  to  show  you  now  was 
published  10  years  ago  by  Danny  Kahnaman  and  myself.  What  wa  looked 
at  was  a  classical  task  that  imposea  cognitive  workload.  It  is  a 
short-term  memory  task,  in  which  people  are  asked  to  remember  strings 
of  atm&ers  read  to  them  at  the  rate  of  one  per  second.  Strings  ranged 
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Figure  1.  Upper  graph:  Average  pupillary  diameter  during  presentation  and 
recall  of  strings  of  3  to  7  digits,  superimposed  about  the  two  second  pause  be¬ 
tween  presentation  and  recall.  Slashes  indicate  the  beginning  and  the  end  of 
the  memory  task.  Lower  graph:  Pupillary  diameter  during  presentation  and 
recall  of  four  digits,  words  and  a  digit  transformation  task. 


la  length  from  three  to  seven  digits*  The  task  was  to  repeat  back  the 
maker  accurately  after  e  two-second  pause* 

The  average  evoked  pupillary  responsee  during  the  performance  of 
this  digit  span  task  for  strings  of  three*  four,  five,  six  and  seven 
digits  are  shown  In  the  upper  portion  of  figure  1*  These  are  absolute 
pupillary  diameters*  Because  the  tasks  are  of  different  length,  they 
are  ell  superimposed  above  the  two-second  pause  in  the  middle*  The 
thing  that  should  be ' immediately  apparent  from  figure  1  Is  that  during 
the  loading  of  short-term  memory  there  Is  an  Increase  In  pupillary 
diameter,  as  each  digit  is  heard  and  encoded,  that  reached  a  maximum 
In  the  pause  between  encoding  and  report*  As  the  Items  are  reported 
back  from  memory,  the  pupil  returns  to  Its  baseline  level* 

The  second  thing  you  should  note  Is  that  the  Increase  In  pupillary 
diameter  at  the  pause  is  a  function  of  the  number  of  digits  stored, 
and  It  Increases  systematically  to  seven  digits.  On  the  face  of  It, 
then,  this  appears  to  Index  some  aspects  of  cognitive  processing  that 
should  be  related  to  load* 

The  lower  part  of  figure  1  shows  that  it  is  not  Just  the  nunber  of 
items  but  also  the  sort  of  Items  that  makes  a  difference.  All  three 
curves  are  for  four  items*  In  the  lower  curve  the  subject  Is  listening 
to  four  digits  and  saying  them  back*  The  middle  curve  Is  the  same 
task  but  for  four  unrelated  words.  Memory  span  is  shorter  for  four 
unrelated  words,  therefore  one  might  assisae  that  the  load  Imposed  by 
each  word  Is  greater.  And,  In  fact  the  slope  of  the  pupillary 
function  can  then  be  seen  to  be  greater  for  the  more  difficult  Items* 

The  third  task  is  a  mental  transformation  task  in  which  the  person 
hears  four  digits,  adds  one  to  each  one  of  them  and  reports  back  a 
transformed  string*  Tou  can  see  that  the  transformation  task  results 
In  the  largest  pupillary  dilation. 

Now,  how  do  we  know  that  has  anything  to  do  with  workload,  outside 
of  the  fact  that  It  seems  somewhat  plausible?  In  a  second  experiment, 
Kahneman,  Pollack  and  I  essentially  verified  the  workload  changes 
using  the  standard  two-task  aeasurwent  technique.  In  which  the  second 
was  a  visual  scanning  task.  Tou  do  sot  need  to  worry  too  much  ebout 
Che  details  of  this  experiment.  Figure  Z  shows  performance  on  the 
secondary  task,  which  Is  scanning  a  visual  display  for  a  letter  K  that 
may  occur  at  one  of  five  positions,  during  the  simultaneous 
performance  of  the  memory  task  and  In  Its  absence*  Tou  cen  see  that 
secondary  task  performance  deteriorates  as  processing  loed  Increases, 
a  standard  sort  of  behavioral  Interference  result. 

Figure  3  shows  some  decs  from  Scott  Fesvler's  laboratory  at  Bell 
Telephone  Laboratories  thet  have  some  very  Interacting  properties. 

Vhat  he  was  looking  at  Is  pupillary  response  for  strings  of  Items  that 
are  both  under  and  over  behavioral  capacity.  Tou  can  see  that  the 
flrat  digit  Is  presented  at  the  third  second,  and  you  see  a  pupillary 
dilation  that  goea  up  until  about  the  seventh  item  Is  presented*  From 
there  on  out  it  levels  off.  As  Is  wall  known  In  hiaun  performance 
psychology,  the  digit  span  Is  In  fact  about  seven  Items*  What  this 


Figure  2.  Behavioral  evidence  confirms  the  use  of  pupil  as  a  measurement 
of  workload,  in  the  same  short-term  memory  task,  when  performed  with  a 
simultaneous  detection  task,  the  pupillary  data  predict  perfectly  the  pattern 
of  behavioral  interference. 


Figure  3.  Averaged  pupillary  diameter  for  14  subjects  during  presentation  of 
strings  of  5,  9  and  13  digits  for  immediate  recall  (solid  lines).  The  broken 
lines  are  taken  from  non-procss  sing  control  trials.  Filled  symbols  represent 
pupil  size  during  digit  presentation  and  unfilled  symbols  represent  pupil  size 
for  2  seconds  preceding  and  following  presentation  of  the  digit  strings.  Notice 
that  the  pupillary  functions  asymptote  at  approximately  7  items  (about  second 
10  on  the  abscissa). 


says  is  chat  at  cha  peak  of  capacity,  putting  additional  Information 
Into  the  person  for  processing  no  longer  results  In  Increased 
physiological  response.  So  chat  the  physiological  response  to 
Increased  processing  load  saturates  at  the  behavioral  Halt  of 
•  capacity. 

What  1  aa  going  to  do  now  la  to  show  you  a  few  other  sorts  of 
cognitive  tasks.  I  hope  to  convince  you  that  this  kind  of  autonomic 
response  to  processing  load  Is  not  somehow  uniquely  associated  with 
the  digit  memory  task.  Figure  4  presents  results  from  a  pitch 
discrimination  task.  In  which  a  standard  tone  of  8S0  hertz  is  first 
presented.  Four  seconds  later  a  comparison  tone  Is  presented,  and  the 
person's  task  Is  to  say  whether  the  coi^arison  tone  is  higher  or  lower 
In  pitch. 

In  the  case  of  an  easy  discrimination  —  here  It  Is  30  hertz 
difference,  that  Is  the  880  curve  —  you  see  that  the  dilation  to  the 
comparison  tone  Is  small  coopered  with  the  dilation  for  an  Impossible 
discrimination.  In  which  Che  comparison  tone  and  the  standard  are  the 
same  pitch.  A  difficult  discrimination  yields  a  large  response. 

Figure  5  shows  us  the  magnitude  of  the  dilation  to  the  comparison 
tone  as  a  function  of  the  difficulty  of  the  discrimination,  the 
dotted  curve  gives  the  amplitude  of  the  pupil  response  to  the 
eomparlslon  stimulus.  The  solid  curve  gives  some  behavioral  data, 
which  is  the  percentage  of  errors  that  occur  for  comparison  stimuli 
for  those  particular  frequencies.  You  can  see  that  there  is  a 
reasonable  correspondence  between  those  curves. 

Figure  6  presents  some  recent  data  obtained  in  our  laboratory  by 
Sylvia  Ahern  as  part  of  her  doctoral  dissertation.  This  is  a  mental 
multiplication  cask,  a  more  cognitive  sort  of  task  than  the  ones  chat 
we  have  described.  People  are  presented  with  problems  of  either 
multiplying  one  digit  by  one  digit,  one  digit  by  two  digits  or  two 
pairs  of  two-digit  numbers  together.  Pupillary  dilations  are  present 
in  the  average  evoked  pupillary  responses,  first  as  the  multiplicand 
Is  presented  and  second  as  the  multiplier  Is  presented  and  the 
problem  solved.  You  can  see  that  both  the  duration  and  the  peak 
magnitude  of  the  response  vary  as  a  function  of  presumed  cognitive 
load  of  the  mental  arithmetic  task. 

Figure  7  presents  the  results  of  another  experiment  from  Ahern's 
dissertation,  one  that  Involves  the  comprehension  of  linguistic 
lnformalon  in  a  test  devised  by  Alan  Baddeley.  Here,  people  were 
presented  with  a  sentence  of  the  form  nA  precedes  B,"  "A  is 
followed  by  B,"  "A  is  not  followed  by  B,n  "A  is  not  preceded  by  B,"  ec 
cetera.  After  the  presentation  of  each  sentence,  which  was  done 
auditorily,  the  letter  pair  AB  or  BA  was  presented.  The  person's  task 
was  to  judge  whether  the  sentence  correctly  described  the  ordering  of 
letters  in  the  letter  pair. 

Two  things  are  apparent  in  theae  data.  First  is  the  general  form 
of  the  pupillary  response  that  is  characteristic  of  this  sort  of  Cask, 
a  long,  slow  dilation.  Secondly,  there  are  small  differences  between 
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Figure  4.  Average  pupillary  diameter  for  10  subjects  (5  trials  per  subject) 
for  two  discrimination  tasks.  The  frequency  of  the  comparison  tone  Is  the  para* 
meter.  Standard  tone  frequency  is  always  8S0  cps. 


the  amplitudes  of  these  responses  that  depend  upon  sentence  type,  with 
the  more  complex,  transformationally  more  difficult  sentences 
eliciting  greater  activitation. 


This  is  a  sentence  comprehension  type  of  task  that  is  quite 
different  from  the  mental  multiplication  problem,  the  sensory 
discrimination  test  or  the  short-term  memory  task. 

Now,  one  thing  that  you  might  have  noticed,  if  you  were  a 
very  careful  watcher  of  these  illustrations  is  that  they  were  arranged 
so  that  the  curve  would  occupy  a  reasonable  proportion  of  the  chart. 

For  that  reason,  the  magnitude  or  the  size  of  the  scaling  differed 
between  experiments.  It  turns  out  that  there  are  some  very 
interesting  properties  to  this  pupillary  response.  One  is  that  the 
magnitude  of  the  task-evoked  pupillary  response  is  independent  of  the 
baseline  pupil  size.  This  was  first  shown  by  Bradshaw  in  1969,  and  it 
holds  over  a  wide  but  not  extreme  range  of  basal  pupil  sizes. 

What  that  means  is  that  one  can  go  through  the  experimental 
literature  and  directly  compare  the  results  obtained  for  different 
types  of  cognitive  tasks  by  comparing  the  magnitude  of  the  average 
evoked  pupillary  response,  and  come  up  with  a  scale  that  gives  some 
indication  of  the  magnitude  of  the  brain  stem  response  to 
qualitatively  different  tasks. 

Figure  8  shows  the  result  of  such  a  compilation.  Memory  for 
immediate  digits,  the  digit  span,  I  have  taken  as  sort  of  a  standard. 
These  data  come  from  the  work  of  Scott  Peavler.  It  could  Just  as  well 
be  mine  or  the  earlier  work  with  Kahneman.  All  of  those  values  line 
up  quite  closely.  It  is  across  approximately  ten  years  of  work,  that 
this  sizing  scale  holds. 

The  right-hand  column  of  figure  8  shows  the  peak  pupillary 
dilation  to  other  cognitive  tasks:  two  by  two  digit  multiplication, 
two  by  one  digit  multiplication,  one  by  one  digit  multiplication,  the 
Baddeley  tasks,  difficult  sensory  discrimination  and  easy  sensory 
discrimination.  The  smallest  dilation  was  observed  in  a  study  we 
published  recently  in  Science.  It  Involved  Just  looking  at  a  pair  of 
letters  and  saying  whether  they  were  the  same  or  different,  a  very, 
very  easy  sort  of  task  with  a  very  small  pupillary  response. 

I  would  like  to  point  out  two  things.  One  is  that  the 
average-evoked  pupillary  response  seems  to  constitute  a  reasonable 
physiological  measure  of  load.  The  other  is  that  in  reviewing  the 
literature  I  came  across  an  Interesting  fact  in  some  of  Alan  Baddeley' 
work.  He  used  his  sentence  comprehension  task  —  this  is  "A  precedes 
B,  AB"  —  and  examined  the  effects  of  concurrently  doing  a  short-term 
memory  task.  He  would  give  people  some  numbers  to  remember,  then 
give  them  the  sentence  to  judge  whether  it  is  correct  or  not,  ask  for 
the  judgment  on  the  sentence,  and  then  ask  for  the  numbers  back. 

What  Baddeley  reported  was  that  if  a  person  had  to  remember  one  or 
two  digits,  there  was  no  interference  with  performance  on  the  sentence 
recognition  task.  If  he  has  to  remember  more  than  that,  there  is 
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Figure  5.  Average  pupillary  dilation  during  the  decision  period  and  the  percent 
errors  in  a  pitch  discrimination  task  as  a  function  of  the  frequency  of  the  com¬ 
parison  tone.  The  frequency  of  the  standard  was  850  Hz. 


PERCENT  ERRORS 


PUPILLARY  RESPONSE  (MM) 


Figure  6.  Averaged  evoked  pupillary  responses  In  a  mental  multiplication  task. 
Two  dilations  are  evident:  one  following  presentation  of  the  multiplicand  and  a 
second  following  the  multiplier.  The  amplitude  and  duration  of  the  pupillary  re¬ 
sponse  Increases  with  problem  difficulty. 


Figure  7.  Averaged  evoked  pupillary  responses  In  a  grammatical  reasoning 
task.  Hie  samllest  dilations  are  observed  In  the  processing  of  simple  active 
sentences  and  the  largest  with  passive  negative  sentences,  These  data  suggest 
that  sentences  of  varying  transformational  complexity  differ  also  In  processing 
load. 


interference.  In  other  words,  the  short-tern  memory  task  for  nore 
than  two  items  interfered  with  the  performance  of  the  grammatical 
reasoning  task.  What  is  interesting  is  that  if  you  look  at  the 
average  level  of  the  pupillary  response  for  the  sentence  comprehension 
task  and  if  you  were  to  accept  that  it  is  a  scale  of  physiological 
load,  then  you  would  expect  approximately  two  or  three  more  items 
would  be  needed  before  interference  should  occur. 

Where  does  that  leave  us?  All  of  this  is  discussing  cognitive 
tasks,  albeit  perhaps  a  wide  range  of  cognitive  tasks,  that  can  be 
performed  in  the  laboratory.  What  bearing  does  this  have  on  the 
question  of  measuring  pilot  workload?  I  would  suggest  that  there  are 
at  least  three  things  that  one  might  be  interested  in. 

One  might  be  Interested  in  a  discrete  task  analysis,  in  which 
various  components  of  the  cockpit  behavior  could  be  pupillometrically 
measured  in  the  laboratory  situation  and  a  scale  of  physiological  load 
for  these  components  could  be  constructed.  From  that  ordering  of 
various  component  processes,  one  might  be  able  to  make  inferences  as 
to  what  things  can  be  combined  safely  and  what  things  may  not. 

Second,  this  sort  of  procedure  seems  to  offer  the  possibility  of  a 
quantitative  measure  of  the  physiological  load  Imposed  by  an 
information-processing  task  that  bears  at  least  some  surface 
resemblance  to  the  classical  question  of  workload.  Given  that 
assumption,  then  one  could  look  at  the  questions  of  fatigue,  for 
example,  by  looking  at  the  load  Imposed  upon  the  nervous  system  under 
rested  and  under  fatigued  conditions. 

Third,  one  could  approach  the  problem  of  Jet  lag  or  time-zone 
crossing  in  a  similar  manner  and  ask  whether  the  physiological  load 
imposed  by  any  sort  of  an  information-processing  task  is  greater  as  a 
function  of  lag. 

These  would  be  the  directions  in  which  I  believe  that  the 
physiological  analysis  of  cognitive  workload  or  processing  load  might 
have  some  bearing  on  the  question  of  pilot  workload  and  pilot 
performance. 


MS.  HART:  Sandra  Hart,  Ames  Research  Center.  If  you  are  trying 
to  measure  the  Impact  that  different  sorts  of  displays  might  have  on 
the  pilot's  workload,  how  would  you  use  pupil  size  to  measure  this? 
Because  as  you  added  different  elements  to  the  displays,  the  lighting 
will  vary  from  moment  to  moment.  Could  one  use  this  sort  of  measure 
under  those  conditions? 

DR.  BEATTY:  This  is  something  we  have  thought  about  at  some 
length,  and  1  guess  my  answer  to  that  is  that  you  have  to  be  really 
careful.  We  have  indeed  used  visual  displays  in  our  experiments,  but 
we  have  had  to  take  special  pains  to  make  sure  that  they  are 
equilumlnous  displays  in  time.  Also,  we  have  found  low-contrast 
displays  to  be  useful.  Now,  if  you  do  these  and  are  careful  about  it, 
you  can  get  around  working  with  visual  displays. 
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Figure  8.  Magnitude  of  the  peak  task-evoked  pupillary  responses  for  a  variety 
of  qualitatively  different  mental  tasks.  The  ordering  suggests  the  feasibility  of 
physiological  measurement  of  processing  load. 


But  eh*  problem  la  a  severe  one,  and  that  la  why  I  would  suggest 
that  cha  flrat  atop  ahould  ba  dlacrace  taak  analysis,  avaa  with  vlaual 
displays,  In  a  laboratory  altuatlon  rachar  than  going  to  tha 
free-ranging  pupil  In  a  cockpit,  with  sunlight  coming  la  ona  window 
and  dark  dlaplaya  down  balow. 

Ml.  WATT:  Bill  Watt,  Executive  Air  Fleet.  What  difference  doaa 
IQ  of  tha  ai&Ject  make? 

DB.  BEATTY:  Sylvia  Ahern' a  dlasertation,  tha  ona  from  which  you 
aaw  the  mental  multiplication  and  grammatical  reaaonlng  teat a,  ahowa 
one  of  the  flrat  reliable  phyalologlcal  dlffereneea  between  people  of 
high  and  normal  IQ.  Specifically,  on  the  more  complex  Information 
proceaalng  tasks  such  as  mental  multiplication,  the  brighter  person 
can  perform  a  task  at  a  lower  level  of  loading  than  can  his 
less-gifted  counterpart.  The  pupillary  response  curves  for  the 
brighter  people  reach  lower  peaks  for  solving  the  Identical  problem 
than  do  the  responses  from  not-so-brlght  folk. 

There  la  another  part  of  the  dissertation  that  wes  not  adequately 
tested  because  of  soma  procedural  difficulties.  Us  wanted  to  also 
look  at  the  question  of  whether,  when  pushed  to  the  limit,  bright 
people  have  more  of  a  reserve  of  activation  than  do  not-so-brlght 
people,  and  we  just  do  not  know  the  answer  to  that  question. 

DK.  GEKATHZWOHL:  I  an  Dr.  Gerathewohl,  FAA.  Your  curves  were 
always  showing  a  baseline  of  about  eight  seconds.  What  happens  after 
this,  at  an  extended  period  of  time?  Do  your  curves  still  stay 
discriminated,  or  do  they  go  back  to  baseline  pattern,  and  If  so,  at 
what  tine? 

DB.  BEATTY:  The  reason  for  the  8 -second  durations  here  Is  because 
that  Is  the  length  of  the  tasks.  When  tha  task  is  over,  the  pupil 
returns  to  Its  baseline  level.  However,  for  longer  active  tasks,  the 
pupil  continues  to  reflect  momentary  load.  When  a  series  of  short¬ 
term  memory  tests  are  given  over  a  period  of  an  hour,  for  example,  the 
pupil  remains  as  accurate  an  indicator  of  load  at  the  end  as  It  wes 
In  the  beginning. 

CAPT.  MOUDEN:  Homer  Mouden,  Flight  Safety  Foundation.  What 
Impact  does  the  stress  level  have  on  the  pupillary  response  time,  and 
what  la  the  shortest  Interval  of  response  time  that  you  have  been  able 
to  Identify? 

DB.  BEATTY:  Baal  stress  levels,  Z  do  not  know.  I  can  only  cite 
tw>  things.  One  is  the  general  finding  that  baseline  pupil  diameter 
does  not  Interact  with  the  magnitude  of  the  phasic  response,  over  a 
wide  range  of  conditions.  The  second  Is  a  study  In  which  amphetamines 
were  given.  Z  think  It  wes  a  simple  reaction-time  task.  Amphetamines 
changed  baseline  pupil  site  but  did  not  change  either  reaction  time  or 
the  magnitude  of  the  task-evoked  pupillary  response. 

In  answer  to  your  second  question,  in  an  acoustic  signal  detection 
task,  where  weak  signals  occurred  at  unspecified  times  against  a 
background  of  white  noise,  we  would  see  a  task-evoked  pupillary  response 


100 


to  the  occurrence  of  a  signal  that  would  have  a  tlaa  fron  latency  to 
paak  of  abooe  600  uillleeconds*  But  tha  tlaa  froa  latency  to  first 
rallabla  d If far satiation  between  that  and  tha  casa  in  idiich  thara  la 
no  raaponaa  la  on  tha  ordar  of  100  to  200  nilllaaeonda*  Tha  paak  la 
•low,  but  tha  dlffarantlatlon  occurs  In  lass  than  a  quarter  of  a 
second. 


